exceptions such as the Finnish population now nearly extirpated can be explained by heavy contamination of the falcons by pesticides on their wintering grounds ) ; (3) peculiar reproductive abnormalities, such as eggeating, appear in a stricken population first, persist for a number of years during which there is little or no reproduction, to be followed by disappearance of the adults from their long-established aeries; and (4) in the one region (England) where residue analyses of Peregrine carcasses and eggs have been made previously, high residue levels of chlorinated hydrocarbons were found (Ratcliffe 1965a (Ratcliffe , 1965b 
; Jefferies and Prestt 1966).
Alaska is the only state where breeding Peregrines are still common and apparently unaffected as yet by the decline that has taken hold of the continental population farther south. Since our earlier studies (Cade 1960; White, in press) provide a broadly based background of information about the population characteristics of Alaskan Peregrines, we felt that an intensive re-examination of a wellknown local breeding population of far northern Peregrines might be valuable as a comparative basis for a further evaluation of the hypothesis that pesticides are responsible for the population decline. If the Alaskan Peregrines are approaching the critical, initial phase of decline, we thought it would be particularly important to obtain current information on reproductive and population characteristics that could be associated with pesticide residues in the prey and tissues of these falcons.
Our earlier studies had also shown that breeding populations convenient for study exist along most of the major rivers of Alaska, such as the Colville and the Yukon. We chose the latter for this investigation, because there had been some unverified reports that Peregrines are decreasing in this region.
MATERIALS AND METHODS
Four boat trips were made over the course of the study area from Circle, Alaska to Castle Rock, Y.T., a distance of about 172 river-miles, as measured on USGS maps with a scale of 1:63360. These trips were made between 10 June and 31 July 1966. The two earlier trips allowed us to gather information at a time when there were downy young or eggs in the Peregrine nests, and the two later trips were made at a time when there were advanced nestlings or fledglings present, so that a fair estimate of reproductive success was obtained. Wherever possible, actual nesting sites (aeries) of the falcons were climbed to and examined at close hand. Of the 17 pairs of falcons observed, one pair occupied a cliff too remote from the river to examine, one aerie could not be reached, although it was observed to be active, and two pairs evidently had no nests; the other 13 nests were found and examined. .
The following data were obtained at all aeries visited: number of eggs or young; sex ratios of young; food items in and about the nest; distance of site above the river, above base of cliff, below brink of cliff, back from the water' s edge; area of nesting ledge; and other miscellaneous physical data. All young suitably aged for banding were given FWS numbered leg-bands. Records were kept on the actions of the adults at their aeries and on the development of the young. Notes were also made on local ecological conditions that may affect hunting territories, prey selection, and nest-site selection. All bird specimens for pesticide analysis were collected either with a .I2 or .410 gauge shotgun or with a mist-net.
Nestling falcons, however, were killed by suffocation.
Specimens were preserved in a 10 per cent formalin solution made up from well water obtained at Eagle, Alaska. This solution contained less that 0.001 ppm each of DDE, TDE (DDD), and DDT, and no dieldrin. Whole specimens of the smaller species were preserved, but larger species were cut up, and the brain, pectoral muscle, liver, and some abdominal fat were preserved in separate containers. Whole specimens were first weighed intact. They were then skinned. and bills. lees. and wines bevond the first joint out from the ' bodywere removed. The specimens were again weighed and placed in acetone-washed jars with formalin. Lids on the preserving jars were lined with aluminum foil. and the iars were sealed with wax to prevent leakage.
The specimens obtained for analysis of pesticide residues came from both resident and migrant populations, and the species sampled were chosen on the basis of known prey items as determined by the present and previous field studies in this area.
Samples for residue analysis were dried for 48 hours at 40" to 45"C, ground with sodium sulfate, extracted for 8 hours with a 1:3 mixture of ether and petroleum ether, and cleaned by passage through a florisil column. Reading was on a Jarrell-Ash 28-700 electron gas chromatograph with a column 0.64 cm by 1.2 m on SO/70 Chromport XXX.
Flow rate was 120 ml per min. These Yukon falcons conform to the classic picture of a breeding peregrine population: a static number of pairs, each associated with a specific and long-used aerie. Numbers have not decreased in recent years, and there is no reason to think that Peregrines were ever more common on the upper Yukon within historic times than they are at present.
It is instructive to compare the distribution of occupied cliffs listed in Table 1 with the total number of cliffs on this stretch of the Yukon. From gur knowledge of the kinds of sites chosen for nesting by these Peregrines, we judge that there are at least 35 cliffs POtentially available for nesting. The average distance between all cliffs is 4.9 miles (range of 14 to 1.25 miles). Obviously some factor other than available nesting habitat is limiting this breeding population. Since in six of the cases listed in table 1 the distance between adjacent pairs was not more than 3 miles, it seems unlikely that territorial aggression is a limiting factor, as suggested by Ratcliffe (1962) for the much denser British population prior to its decline.
The section of river between cliffs numbered 17 and 27 was especially sparsely occupied, with only three pairs in each year spread among 11 cliffs. It is unlikely that density of food species varies sufficiently along this stretch of river to produce the observed variability in the linear distribution of Peregrine aeries; but the variation in suitability of the surrounding terrain for hunting by Peregrines may be the factor. This aspect of Peregrine ecology needs more study than it has so far received. The Peregrine is a top predator in its ecosystem, feeding on primary, secondary, and tertiary carnivorous species, as well as on herbivores. In some cases its trophic level may be removed from the producer level by as many as five or six links in the food chain (plantherbaceous insect-predatory insec-insectivorous bird-small hawk or owl-peregrine), a fact of particular significance in connection with biological concentration of pesticide residues up the Peregrine' s food chain. The great All Peregrine materials and tissues contained measurable amounts of DDE, TDE, and DDT, sometimes in rather high concentrations, and most tissues also contained some dieldrin (table 4) . No other chlorinated hydrocarbon residue was found. Whole eggs and chicks contained about 15 ppm (wet weight) of total residues, including dieldrin. These residues are about 10 to 100 times more concentrated in these eggs and chicks than they are in the prey species.
REPRODUCTIVITY OF THE YUKON PEREGRINES
Adult tissues, especially fat, contained the highest concentrations of residues. Total residues for adult fat averaged 617 ppm (wet weight), mostly DDE. Pectoral muscle was the next highest, total residues averaging 26.3 ppm; liver and brain were about the same, 5.39 and 7.27 ppm, respectively. Using the muscle values as an approximation for the whole body, it appears that residues in adult Peregrine tissues are at least 109 times more concentrated than in the Alaskan prey of these falcons.
In general, the concentrations in any given tissue are 10 to 20 times higher in adults than in juveniles (4 to 6 weeks old); yet in only a few weeks of life, the juveniles appear to have acquired significantly higher concentrations of residues than commonly occur in their food sp_ecies .
Holmes, Simmons, and Tatton (1967) have recently shown that another class of organochlorine pollutants-the polychlorobiphenyl compounds-give chromatograms that have peaks corresponding closely to those of TDE and DDT and thus can bias determinations of ppm for these compounds, unless they have been checked by alternate methods. Our samples were not checked for the presence of these compounds. The polychlorobiphenyls, widely used in industry as plasticizers and for other purposes, are themselves rated as highly toxic to man; and they are exhausted to the air in large volumes. One immediately wonders what effects these persistent compounds may have on wildlife and whether or not they act additively or synergistically with the organochlorine pestici,des.
DISCUSSION
Our data show that even in so remote a region as interior Alaska, the Peregrine' s food chain is contaminated with significant, measurable quantities of persistent residues of the chlorinated hydrocarbons, and they support the hypothesis-first developed in Great Britain (Moore and Ratcliffe 1962; Ratcliffe 1963)-that there is a biological concentration of these residues in the tissues of Peregrines. But how does one explain the association of high residue levels in these Peregrines with an undiminished population and unhampered reproduction? Either the hypothesis that the decline in Peregrine populations elsewhere has resulted from the organochlorine residues is incorrect, or else these Yukon Peregrines must be precariously poised near some threshold level that will prove inimical once reached.
Although there is some evidence suggesting that Peregrines can attain lethal levels of pesticide residues in nature (Ratcliffe 1965a, 1965b; Jefferies and Prestt 1966), most advocates of the pesticide-peregrine hypothesis have felt that the population decline was brought about-at least initially-by sublethal effects associated in some way with reproductive failure. A difficulty of this hypothesis has been that the exact mechanism of these sublethal effects is unknown, nor is there a clearcut association between a given concentration of organochlorine residues and a particular kind of reproductive failure.
Most investigators have worked on the assumption that the effect on reproduction in birds must be a fairly direct one-causing infertility of eggs or abnormal embryonic development-and consequently quite a number of eggs of birds of prey have now been analyzed for pesticide residues. Even taking into account differences of technique and of methods of expressing results, the emerging picture is far from clear. Ratcliffe ( 
CONCLUSIONS AND SUMMARY
The Peregrine is one of the 50 species of rare and endangered birds currently listed in the "Red Book" of the U.S. Fish and Wildlife Service (Resource Publication 34, July 1966). It has experienced unprecedented reductions in breeding populations on two continents since World War II, and its continued existence in North America appears to be threatened to a greater extent than the more widely publicized case of the Bald Eagle (Haliueetus Zeucocephalus). While we are much encouraged to be able to report that this Yukon population of Peregrines is still intact and reproducing at a normal rate, the widespread occurrence of pesticide residues at rather high levels in the eggs and tissues of these falcons allows us no sanguine feeling about their future. The sorry spectacle of what has happened to the Peregrines in Finland belies the easy notion that arctic and boreal populations are specially protected by the wilderness nature of their environment. These same falcons winter in regions grossly affected by human habitation. If other associative evidence is a valid criterion-and we think it is-then these Alaskan falcons may be perilously balanced near the threshold level of organochlorine residues that initiates dysgenic reproductive behavio,r and eventual population decline. The Alaskan and Canadian falcons constitute the last substantial breeding populations of this species in North America, and as their fate may well depend on how these residues continue to accumulate, these northern Peregrines certainly should be watched closely over the next few years for evidence of reproductive malfunction coincident with continued, or increasingly, high levels of chlorinated hydrocarbons in their tissues. 
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